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1 Executive Summary 
1.1 Introduction 
Mylan GmbH is requesting marketing approval for MYL-1401H solution for 
subcutaneous (SC) injection (FULPHILA), as a proposed biosimilar product to the 
pegfilgrastim reference product, US-licensed Neulasta (also referred in this review as 
US-Neulasta).  US-Neulasta was approved in 2002 (NDA 125031) and the current label 
includes indications and usage information for treatment of: (1) decrease the incidence 
of infection, as manifested by febrile neutropenia, in patients with non-myeloid 
malignancies receiving myelosuppressive anti-cancer drugs associated with a clinically 
significant incidence of febrile neutropenia (the proposed indication for MYL-1401H); 
and, (2) to increase survival in patients acutely exposed to myelosuppressive doses of 
radiation (Hematopoietic Subsyndrome of Acute Radiation Syndrome). The latter 
indication was granted approval under an orphan designation, with exclusivity until 
November 13, 2022. 
 
Pegfilgrastim is a PEGylated granulocyte colony-stimulating factor that binds to 
granulocyte colony stimulating factor receptor (GCSF-R) on the surface of 
hematopoietic cells. The activation of the GCSF-R leads to subsequent phosphorylation 
and activation of the non-receptor tyrosine kinases JAK1 and JAK2 and induction of 
various neutrophil specific genes, thereby controlling precursor cell differentiation to 
neutrophils, neutrophil proliferation, and release of mature neutrophils from the bone 
marrow.1,2,3 
 
As part of Mylan’s developmental strategy for MYL-1401H solution for SC injection, 
MYL-1401H was compared head-to-head with European Union-approved Neulasta (EU-
Neulasta) in a Sprague-Dawley rat study assessing pharmacodynamics (PD), toxicity, 
and toxicokinetics (TK).  MYL-1401H was also compared head-to-head with EU- and 
US-Neulasta in a PD study in neutropenic rats to bridge the three pegfilgrastim 
products.  The rat is an appropriate species for the comparative animal studies because 
pegfilgrastim is known to be pharmacologically active in rats.  The nonclinical 
development of MYL-1401H involved selecting doses, a route of administration, and a 
dosing regimen consistent with the currently approved labeling of US-Neulasta.  The 
totality of the nonclinical data indicates that MYL-1401H is similar to US-Neulasta. 

1.2 Brief Discussion of Nonclinical Findings 
The nonclinical data submitted to the BLA demonstrate similar pharmacodynamic 
responses of MYL-1401H, US-Neulasta, and EU-Neulasta.  The PD similarity provides 

                                            
1 Nicholson SE, Oates AC, Harpur AG, Ziemiecki A, Wi ks AF, Layton JE, 1994, Tyrosine kinase JAK1 is associated with the 
granulocyte-colony-stimulating factor receptor and both become tyrosine-phosphorylated after receptor activation, Proc Natl Acad 
Sci, 91(8), 2985-2988. 
2 Shimoda K, Iwasaki H, Okamura S, Ohno Y, Kubota A, Arima F, et al, 1994, G-CSF induces tyrosine phosphorylation of the JAK2 
protein in the human myeloid G-CSF responsive and proliferative cells, but not in mature neutrophils, Biochem Biophys Res 
Commun, 203(2), 922-8. 
3 Fukunaga R, Ishizaka-Ikeda E, Nagata S, 1993, Growth and differentiation signals mediated by two distinct regions in the 
cytoplasmic domain of granulocyte colony-stimulating factor receptor, Cell, 74(6),1079-1087. 
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a bridge to support a demonstration of biosimilarity for toxicity and TK endpoints 
between MYL-1401H and EU-Neulasta to US-Neulasta. 
 
Two GLP-compliant comparative studies were submitted to support the similarity of 
MYL-1401H and US-Neulasta: a 3-way comparative single dose PD study in male 
neutropenic rats with MYL-1401H, EU- and US-Neulasta and a 2-way comparative PD, 
toxicity, and TK study in Sprague-Dawley rats with MYL-1401H and EU-Neulasta.  In 
the single dose PD study, SC doses of MYL-1401H, US-Neulasta, and EU-Neulasta 
were administered at doses of 100, 300, 1000, and 3000 μg/kg in a chemically induced 
(cyclophosphamide-treated) rat model.  No local intolerance, changes in body weight, 
changes in food consumption, or mortalities were observed. There were no statistically 
significant differences (indicated by p ≤0.05, Student’s t-test) in induced leucocyte and 
neutrophilic granulocyte levels (measured by absolute neutrophil count (ANC)) among 
the pegfilgrastim products at the doses tested.  The ratios of the test and reference 
items based on the area under the effect-time curve (AUECeff) for ANCs were compared 
pairwise between treatment groups, and were near unity for MYL-1401H versus (vs) 
US-Neulasta (0.952 to 1.269), MYL-1401H vs EU-Neulasta (1.201 to 1.497), and US-
Neulasta vs EU-Neulasta (0.950 to 1.262).  Other changes in hematology parameters 
following MYL-1401H, US-Neulasta or EU-Neulasta treatment displayed similar trends.    
 
In the 2-way comparative toxicology study in male and female rats, MYL-1401H and 
EU-Neulasta were administered to Sprague-Dawley rats via the SC route at doses of 0 
(vehicle control), 0.15, 0.65, or 1.5 mg/kg MYL-1401H, or 0.15 or 1.5 mg/kg EU-
Neulasta once per week for 28 days (5 dosing occasions).  One animal in the 1.5 mg/kg 
EU-Neulasta group was sacrificed moribund on Day 28 with clinical signs associated 
with granulocytic leukemia.  MYL-1401H and EU-Neulasta treatment overall resulted in 
similar toxicities.  Decreased red blood cell (RBC) parameters (total RBCs, hemoglobin, 
hematocrit) and platelets with increased spleen weight and size were observed for MYL-
1401H and EU-Neulasta.  Dose-related increases in leukocytes and ANC were 
observed with both MYL-1401H and EU-Neulasta.  Alkaline phosphatase (ALP) levels 
were increased with an increase in dose for both MYL-1401H- and EU-Neulasta-treated 
rats when compared to controls. Additionally, increased aspartate aminotransferase 
(AST) levels were observed in 0.65 mg/kg/day MYL-1401H and 0.15 or 1.5 mg/kg/day 
EU-Neulasta groups (males only).  Also observed were similar microscopic findings of 
increased granulopoiesis in the bone marrow (femur and sternum) as well as increased 
hematopoiesis in the spleen and liver.  At the injection sites, minimal fasciitis/fibrosis 
and occasional hemorrhage were recorded in rats given MYL-1401H or EU-Neulasta 
and in control rats.  Upon evaluation of TK parameters, similar greater than dose-
proportional increases in mean maximal concentration (i.e., Cmax), systemic exposure 
(i.e., AUC), and half-lives were seen with MYL-1401H and EU-Neulasta at 1.5 mg/kg, 
but Cmax and AUC values for MYL-1401H were lower at the 0.15 mg/kg dose compared 
to EU-Neulasta. 
 
The totality of the nonclinical data indicates that MYL-1401H is similar to US-Neulasta.  
There are no discipline-specific uncertainties regarding the overall similarity of MYL-
1401H to US-Neulasta from the Pharmacology/Toxicology perspective. 
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1.3 Recommendations 
1.3.1 Approvability 
From the Pharmacology/Toxicology perspective FULPHILA may be approved for 
the proposed indication without exclusivity. 
1.3.2 Additional Non Clinical Recommendations 
None 
1.3.3 Labeling 
The nonclinical sections of the label will reflect data from the label of the reference 
product US-Neulasta, with minor changes to update for the Pregnancy and Lactation 
Labeling Rule (PLLR). 

2 Drug Information 
2.1 Drug 
CAS Registry Number 208265-92-3 
Code Name MYL-1401H; pegylated granulocyte colony stimulating 

factor (PEG-GCSF);  biosimilar 
Chemical Name N-(3-hydroxypropyl) methionyl colony-stimulating factor 

(human), 1-ether with α-methyl-ω-hydroxypoly 
(oxyethylene) 

Molecular Formula/ 
Molecular Weight 

C845H1339N229O223S9 / 39 kDa 

Structure or Biochemical 
Description 

 
Pharmacologic class Recombinant granulocyte colony stimulating factor (G-

CSF) 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
Pre-IND 123389; NDA 125031 (US-licensed Neulasta) 

2.3 Drug Formulation 
The MYL-1401H drug product (DP) is a clear, colorless, preservative-free, sterile 
solution for subcutaneous injection. It is supplied in a single-use prefilled syringe (PFS) 
containing 0.6 mL of the solution at a protein concentration of  and at a pH of 
4.0  Each PFS contains 6 mg of drug product. The PFS is presented with a 
passive needle guard UltraSafe™ Plus to reduce the occurrence of needle-stick 
injuries post injection.  The DP is supplied as a 6 mg solution for injection (for 
subcutaneous use). Therefore, no diluent is required for reconstitution.  The qualitative 
composition of the DP is formulated to be the same as that of the reference product, 
US-Neulasta. 
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Key study findings:  
• There were statistically significant differences in the number of leukocytes and 

neutrophilic granulocytes between cyclophosphamide-treated and untreated 
control rats, indicative of a valid chemically induced neutropenic assay to 
compare the pharmacodynamic effects of pegfilgrastim products. 
 

• There were no test item-related statistically significant differences in the number 
of leukocytes or neutrophilic granulocytes between the biosimilar and US- or EU-
Neulasta, or between US- and EU-Neulasta following a single subcutaneous 
administration. 
 

Methods 
Doses: (excerpted from the study report) 

 
Frequency of dosing: Single dose 

Route of administration: Subcutaneous (SC) 
Dose volume: 1 mL/kg (20 mL/kg for CPA) 

Formulation/Vehicle:  Polysorbate-20 (w/v), water for injection  
(placebo for PEG-G-CSF injection) 

Species/Strain: Rat/CD®/Crl:CD(SD) (males) 
Number/Group: 10/group 

Age: 61 days old (at dosing) 
Weight: 300.2 to 372.4 g (at dosing) 

Unique study design: Neutropenia was chemotherapy-induced with a 
single intraperitoneal dose of 50 mg 
cyclophosphamide (CPA)/kg b.w. (body weight) 
one day before actual dosing with the test items 
or the vehicle (24-hour gap between CPA 
injection and pegfilgrastim or vehicle injection). 

Deviation from study protocol: There were no deviations determined by the 
Study Director to affect the integrity of the study 
or interpretation of results. 

 
Results 
Blood sampling days: pretest (Days -7, -2), daily from Day 1 until Day 8, and on Day 12. 
 
No deaths were noted.  No local intolerance reactions were noted at the injection sites. 
No test item-related changes in behavior, external appearance or feces as well as for 
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Of note, the Applicant also calculated the half maximum effective doses (ED50) based 
on AUECeff for each pegfilgrastim product to support a demonstration of biosimilarity, 
but with only 4 dose levels tested per product and the lack of a dose response between 
the 100 and 300 µg/kg dose levels, this analysis was not included in the review. 
 
Other Observations 
The following hematology parameters were reduced following CPA treatment, with no 
effects of the biosimilar, US- and EU-Neulasta groups on improving the depletion when 
compared to the CPA control group: 
 

• Lymphocytes: began to recover starting at Day 5. 
 

• Eosinophilic granulocytes: began to recover by Day 8. 
 

• Platelets: began to recover by Day 6. 
 
Of note, decreased RBC parameters were slower to recover in biosimilar, US- and EU-
Neulasta-treated groups compared to the CPA control group. 
Dosing Solution Analysis 
The actual concentrations of the test item formulations ranged from 94.1% to 115.1% of 
the nominal pegfilgrastim concentrations. These values were within the acceptable 
range of 80% to 120% of the theoretical concentrations (i.e., ± 20%).  

4.2 Secondary Pharmacology 
No studies were submitted for review. 

4.3 Safety Pharmacology 
Not Applicable. 

5 Pharmacokinetics/ADME/Toxicokinetics 
5.1 PK/ADME 
No designated ADME studies were submitted. 

5.2 TK  
The toxicokinetics of MYL-1401H was evaluated in the comparative toxicology study 
TOX-071-001 and is summarized below in Section 6.2. 

6 General Toxicology 
6.1 Single-Dose Toxicity 
No single-dose comparative toxicology studies were submitted. 
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6.2 Repeat-Dose Toxicity 
The batches of the biosimilar and EU-Neulasta used in the comparative toxicology study 
are the same as those used in the 3-way comparative PD study (Study No. PHA 071-
001).  Of note, these batches were not tested for G-CSF receptor binding or potency (in 
vitro proliferation assay in M-NFS-60 cells). 
 
Study title:  Comparative 28 Day Subcutaneous Repeat Dose Toxicity Study 
in Sprague Dawley Rats of a Proposed Biosimilar Pegylated Recombinant 
Human Granulocyte Colony-stimulating Factor (Peg-GCSF) and European 
Sourced Neulasta Followed by a 2 Week Treatment-free Recovery Period 

Study no.: TOX-071-001 
Study report location: eCTD 4.2.3.2. 

Conducting laboratory and location:  
Date of study initiation: November 6, 2013 

GLP compliance: Yes, signed 
QA statement: Yes, signed 

Drug, lot #, and % purity: Biosimilar ( ), Batch 
No. S13DBPEGI-0005, Purity: 98.1%; EU-
Neulasta (9.8 mg/mL), Batch No. 1037627, 
Purity: 97.3% 

Key Study Findings 
• Similarity in pharmacodynamic, toxicity and toxicokinetic endpoints between the 

biosimilar and EU-Neulasta was demonstrated at one of the two comparative 
dose levels evaluated. 
 

• Similarity at the 0.15 mg/kg dose level was not demonstrated for toxicity (limited 
histopathological evaluation) and toxicokinetics (possibly due to individual animal 
variability or dosing formulation differences). 

 

Methods 
Doses: 0, 0.15, 0.65, or 1.5 mg/kg/week biosimilar 

(Groups 1 to 4); 0.15 or 1.5 mg/kg/week EU-
Neulasta (Groups 5 and 6, respectively) 

Frequency of dosing: Weekly 
Route of administration: SC 

Dose volume: 5 mL/kg 
Formulation/Vehicle: Placebo for PEG-G-CSF injection 

Species/Strain: Hsd: Sprague Dawley 
Number/Sex/Group: Dosing Phase: 10/sex/group; Recovery Phase: 

10/sex/group (controls and high dose only) 
Age: 6 to 10 weeks at start of dosing 

Weight: ♂ (males): 246.9 to 331.3 g, ♀ (females): 206.0 
to 275.3 g 

Satellite groups: TK: 15/sex/group; Immunogenicity: 5/sex/group 
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Observations and Times 
Mortality:   Twice daily 
Clinical signs:   Detailed examinations weekly 
Body weights:   Pretest, weekly 
Food consumption:   Weekly 
Ophthalmoscopy:   Pretest and Week 4 (controls and high dose groups only) 
Hematology, Clinical 
Chemistry,  
Coagulation:   

♂+♀:Week 4 (♂ only: Week 5) 

Urinalysis:   Week 4 
Immunogenicity: Predose, Week 4 and prior to necropsy.  Immunogenicity 

analysis was considered unnecessary based on TK data 
and obtained samples were not analyzed. 

Gross pathology:   At necropsy* 
Organ weights:   At necropsy* 
Histopathology:  At necropsy* 
Toxicokinetics 
(samples taken from 
jugular vein):  

Day 1 and Week 4: 
• 3 animals/sex/timepoint 
• Predose, 4, 8, 12, 24, 48, 72, 96, 120 and 144 

hours (hr) postdose 
* Necropsy was conducted on Day 30 of the dosing phase and Day 15 of the recovery phase.  A full panel of tissues 
was examined microscopically for control and high dose dosing phase groups; only gross lesions were examined for 
other groups. 
 

Results 
Mortality 
One 1.5 mg/kg EU-Neulasta-treated female was sacrificed moribund on Day 28. This 
female had clinical signs of blue color/swollen abdomen on Days 27/28 and sluggish 
behavior, rapid respiration, and raised hair and fur on Day 28.  The cause of death was 
attributed to granulocytic leukemia.  The relationship to EU-Neulasta cannot be 
excluded as this has never been observed in 28 day rat studies in the conducting 
laboratory.   
 
Clinical Signs, Body Weights, Food Consumption, Ophthalmoscopy, Urinalysis 
For these assessments, there were no remarkable test item-related findings or 
differences between the biosimilar or EU-Neulasta groups. 
 
 

Unique study design: None 
Deviation from study protocol: None considered by the Study Director to affect 

the integrity of the study or the interpretation of 
results. 
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biosimilar doing group (Group 2).  The Applicant noted that there was no opportunity to 
reformulate so these results were accepted and taken into account during data 
interpretation. 

Table 10 Formulation Sample Results in the Comparative Toxicology Study 
(Excerpted from the study report) 

 

7 Genetic Toxicology 
No genetic toxicology studies were submitted or are required since pegfilgrastim is a 
biologic [ICH Guidance S6(R1)]. 

8 Carcinogenicity 
No carcinogenicity studies were submitted or are required according to the principles 
outlined in ICH Guidances S9 and S6(R1). 

9 Reproductive and Developmental Toxicology 
No new studies were submitted.  Data from reproductive and developmental toxicology 
studies conducted with pegfilgrastim and already incorporated into the US-Neulasta 
label will be applied to the FULPHILA label with language updated to comply with PLLR. 

10 Special Toxicology Studies 
None were submitted. 

11 Integrated Summary and Safety Evaluation 
See Executive Summary. 

12 Appendix/Attachments 
None 
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